Quality of life (QOL) is an important topic in social and medical sciences, it has a multidimensional nature and is influenced by many factors. Aim of the Work: In this study we want to assess the impact of cognitive impairment on the health related quality of life (HR-QOL) of community dwelling non demented elderly. Subject and Method: 115 non demented elderly, 60 years and older recruited from outpatient geriatric clinic at Al Mansoura General Hospital, Dakahlia, Egypt. Each participant underwent, comprehensive geriatric assessment, assessing cognitive function using the mini-mental state examination (MMSE) and montreal cognitive function test, assessing the health related quality of life (HR-QOL) by the RAND-36 health survey. Results: We found that the elderly with impaired cognition by both MMSE and Montreal test were significantly older; the ones with lower education, with more depressive symptoms, had more functional impairment and had lower HR-QOL scores than the elderly with normal cognitive function, after controlling for confounders still cognition was a determinant of HR-QOL. Also by linear correlation coefficient a significant correlation between HR-QOL and age, function, cognition and depression was found. Conclusion: Cognition affects significantly HR-QOL of the elderly, so we can say that interventions targeting cognition in the elderly can significantly improve their QOL.
Introduction
The World Health Organization (WHO) defines quality of life as "an individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns" [1] . Quality of life represents an individual's responses to physical (objective) and mental (subjective) factors that contribute toward a "normal" life, permeated with personal satisfaction, self-esteem, comparisons to others, previous experiences, financial situation, general health status and emotional state [2] .
Studies conducted among groups of elderly persons have shown that QOL and subjective evaluation of life satisfaction are determined by several factors as socio-demographic features such as age and financial status, health, including functional disability, and social support and networks are often found to be important in elderly persons assessment of their QOL [3] [4] .
There is a difference between QOL and health related quality of life (HR-QOL). HR-QOL is frequently used to assess the effect of a disease or dysfunction [5] . HR-QOL is defined as: "The value is assigned to the duration of life as modified by the impairments, functional states, perceptions and social opportunities that are influenced by disease, injury, treatment or policy [6] . Because QOL has a highly individualistic, subjective and multidimensional nature, it is difficult to define and measure [7] . Therefore HR-QOL is used more regularly in research [8] .
With the ageing of the population, dementia represents an increasingly medical and socio-economic burden and quality of life of people with dementia has been studied in the last few decades [9] - [11] . There is a growing interest for patients with cognitive impairment and non demented, as it may represent an early stage of dementia and investigate the impact on QOL.
Multiple studies using various rating scales demonstrate decreased QOL in demented subjects relative to the cognitively normal elderly [12] - [15] , but few studies have assessed the correlation between cognition and QOL of independently living non demented elderly and results have been conflicting [16] - [18] .
Knowing the relationship between cognitive decline and HR-QOL can help the development of interventions for sustaining HR-QOL by preventing or stabilizing cognitive decline. Some promising interventions have been developed to sustain cognition in normal aging persons [19] .
In the current study, we sought to study the correlation between HR-QOL and cognition and to answer: is cognition a determinant of health related quality of life in non demented elderly?
Subject and Method
Study population were 115 non demented elderly patients 60 years and above recruited from outpatient geriatric clinic at Al Mansoura General Hospital, Egypt, both males and females , With a consent to participate and able to answer questionnaire during the interview.
Participation was based on informed consent from all participants and approved by the scientific board of Geriatrics and Gerontology Department, Faculty of Medicine, Ain Shams University.
Each participant was assessed by an experienced clinician and underwent comprehensive geriatric assessment (CGA) in the form of; a) Detailed medical history, and clinical examination. b) Assessment of cognitive function using: 1) Mini Mental State Examination (MMSE) [20] The MMSE is a brief 30-point questionnaire test that is used to screen for cognitive impairment. It is commonly used in medicine to screen for dementia. The MMSE examines orientation, immediate and short-term memory, attention and calculation, language and praxis. An Arabic version was used [21] .
Age, education, cultural and socioeconomic background can cause a considerable bias in the MMSE's scores [22] . So results were correlated with the age and educational level of the participants.
2) Montreal Cognitive Function Test (MoCA) The Montreal Cognitive Assessment [23] was developed as a quick screening tool for mild cognitive impairment (MCI) and early Alzheimer's dementia. It assesses the domains of attention and concentration, executive functions, memory, language, visuo constructional skills, conceptual thinking, calculations, and orientation. The total possible score is 30 points with a score of 26 or more considered normal, for lower educated individuals, 1 point should be added to the total MoCA score for those with less than or equal 12 years of education. The MoCA detected MCI with 90% -96% range sensitivity and specificity of 87% with 95% confidence interval [23] . We used the Arabic version [24] the Arabic MoCA showed 92.3% sensitivity and 85.7% specificity. c) Screening for depression by geriatric depression scale 15 items [25] using an Arabic version [26] . d) Functional assessment By Activities of daily living (ADL) (personal care, clothing, moving, going to the toilet, eating) were measured with the Katz scale (Katz et al., 1963) [27] , the total score ranges from 0 to 6 with higher scores means better function [27] . The Lawton's assessment scale was used to assess abilities in instrumental activities of daily living (IADL), such as giving phone calls, shopping, driving and using money (Lawton & Brody, 1969 ) [28] . The scores range from 0 to 8 with higher scores means better function [28] . e) Assessment of health related quality of life (HR-QOL) HR-QOL is measured with the RAND-36 Arabic version [29] , the tool includes the same items as those in the SF-36 and the MOS-36 [30] , it is a frequently used instrument in the research of HR-QOL in relation to aging [31] . The RAND-36 measures the perception of health on eight dimensions: physical functioning, social functioning, role limitations because of physical problems, role limitations because of emotional problems, mental health, vitality, bodily pain and general health perception. The scores are converted to a 0 to 100 scale, higher scores indicate higher levels of well-being or functioning [29] .
The RAND-36 has proven to have a good validity [29] .
The following subjects were excluded from the study: -Those with sever cognitive impairment as detected by MMSE ≤ 10 = severe impairment ( [35] .
All the questionnaires were done with face-to-face interview with each participant, as high illiteracy level was present between the participants and to avoid the problems associated with self-completion.
Statistical Analyses
Statistical presentation and analysis of the present study was conducted, using the chi-square for qualitative data and T-test and ANOVA for quantitative data and linear correlation coefficient, also ANCOVA for analysis of co variants by SPSS V18.
Results
Among the 115 non demented participants, 74.78% (n = 86) were 60 to 74 years old, 25.22% (n = 29) were 74 to 85 years, mean age was 67.452 ± 5.382, 37.39% (n = 43) were males and 62.61% (n = 72) were females. The majority of the participants were illiterate 59.13% (n = 68), 29.57% (n = 34) can read and write and only 2.61 (n = 3) had 1 primary education, 7.83% (n = 9) had 2 nd education and 0.87% (n = 1) had high education. According to the cognitive function assessed by both MMSE and Montreal cognitive test (MoCA) the participants were divided into subjects with cognitive impairment and subjects without cognitive impairment as shown in Table 1 . Table 1 presents the characteristics of participants in relation to MMSE and MoCA. According to MMSE 73.04% (n = 84) with mean 23.940 ± 2.341 had normal cognition and 26.96% (n = 31) with mean 19.484 ± 1.313 had cognitive impairment, while according to MoCA 43.48% (n = 50) with mean 26.1001 ± 1.093 had normal cognition and 56.52% (n = 65) with mean 22.559 ± 1.580 had cognitive impairment.
There was a significant difference between subjects with cognitive impairment, by both MMSE and MoCA, and subjects with normal cognition as regards age, education, function by both ADL and IADL and depression as assessed by GDS (Table 1) ,also this difference between the 2 groups was found in the RAND-36 ,assessing HR-QOL, in all its 8 dimensions ( Table 1) .
We wanted to determine the true relation between cognition and HR-QOL, therefore, we performed multiple regression analyses by analysis of co-variants (ANCOVA) controlling for confounders (age, ADL, IADL, GDS and education) and we found that still a significant correlation between RAND-36, assessing HR-QOL, and cognition assessed by both MMSE and MoCA ( Table 2) . By linear correlation coefficient, there was a negative significant correlation between all dimensions of RAND-36, assessing HR-QOL, and age and GDS, while there was a positive significant correlation between all the RAND-36 dimensions and MMSE, MoCA, ADL and IADL ( Table 3) .
Comparing the RAND-36, assessing HR-QOL, of 34 subjects with impaired MoCA and normal MMSE (impaired MoCA = 65 elderly minus 31 elderly impaired MMSE = 34 elderly) with subjects with normal MoCA (n = 50) showed significant difference between the 2 groups in all the 8 dimensions of the RAND-36 ( Table 4) .
Discussion
Our results indicate that subjects with cognitive impairment by both MMSE and MoCA had significantly poorer HR-QOL eight dimensions which are physical functioning, bodily pain, role limitations due to physical health problems, role limitations due to personal or emotional problems, emotional well-being, social functioning, energy/fatigue, and general health perceptions even after controlling for possible confounders as age, functional dependence, education and depression.
These findings are consistent with prior studies that showed a significant strong correlation between cognition and quality of life (QOL) [12] - [17] , some studies showed low correlations between cognition and health-related quality of life [36] , but others not, as Doorduin, J.V. [18] found that both total cognition and change of total cognition had a significant crude association with HR-QOL, but when corrected for age, functional dependence and depression, the relation between total cognition and change in total cognition on HR-QOL does not remain significant, this study had a longitudinal design as it assessed the effect change of cognition on HR-QOL.
The difference between studies might be due to differences in study design, sample size, tests used to assess cognition and QOL, socio-demographic characteristics of the studied sample and others.
By RAND-36, assessing HR-QOL, the cognitively impaired elderly had significantly poorer HR-QOL in all 8 dimensions than cognitively normal elderly, also it was found that cognitively impaired subjects were significantly older, had lower education, more functionally impaired by ADL and IADL and had more depressive symptoms by GDS. Those variables, depression, functional dependence and age, were considered possible confounders of the relationship between cognition and HR-QOL, and which needed to be corrected for [18] [37], as those variables can affect both cognition and QOL.
So, it was important to perform multiple regression analyses to determine the true relation between cognition and HR-QOL, and results confirmed that cognition is a determinate of all the 8 dimensions of HR-QOL.
By linear correlation coefficient, GDS scores showed significant negative correlation to all RAND-36 subscale scores, this can indicate that depression leads to poor QOL, also it can be said that poor QOL can lead to depression. Psychological well-being has long been associated with the idea of "successful aging" [38] .
There was also a significant positive correlation between RAND-36 all sub-scale scores and ADL, IADL scores, indicating that better functioning and more independence in the basic and instrumental activities of daily living is associated with a better QOL. This agreed with findings of Bowling and colleagues, that perceived self-efficacy, discriminated between perceived QOL as "good", or "not good", among people aged 65+ with severe disabilities [39] . Also a Danish study in patients with dementia found that depending on others in ADL affected quality of life negatively [40] , another study of 1620 community dwelling older adults, a strong association between depression and functional dependence on life satisfaction, a concept that resembles QOL, was found [41] .
Our findings suggest and support the need for continued research on interventions that address in addition to cognitive also psychosocial and physical approaches to improve health related quality of life of elderly.
It was found that 31 elderly had cognitive impairment by MMSE and 65 had cognitive impairment by MoCA , so we wanted to know the elderly with impaired MoCA and not impaired by MMSE (65 -31 = 34) and see their HR-QOL compared with cognitively intact elderly by MoCA (n = 50), we found that their HR-QOL ,as assessed by the RAND-36, was significantly worse than those cognitively intact elderly. The MoCA detected 90% of mild cognitive impairment (MCI) subjects. In the mild AD group, the MMSE had a sensitivity of 78%, whereas the MoCA detected 100%. Specificity was excellent for both MMSE and MoCA (100% and 87%, respectively) [23] , so from this we can say that the 34 elderly mentioned above had MCI, not even detected by MMSE, and that MCI elderly had worse HR-QOL than normal cognition elderly, this needs further studies to support this relation. Some studies showed a significant decline in QOL in MCI and that QOL is affected at early stages of cognitive decline [42] [43] .
A major limitation of the current study was the small sample size which is mainly due to lack of cooperation of elderly as the concept of doing scientific research is still not widespread in our community, also this study consisted of outpatients, our findings cannot be extended to the entire population of older people living at home. Further studies are recommended among more participants and using different types of tests to support our results.
Study strengths, this study included a broad spectrum of measurements of cognition instead of using just one instrument as the MMSE, we also used the MoCA which is more sensitive than the MMSE in detecting cognitive impairment and assess more cognitive domains [23] , and both tests were adapted according to educational level which is important in our study due to the high level of illiteracy, also measurement of possible confounding factors as age, depression and functional dependence were taken into account, making it possible to find the true correlation between cognition and HR-QOL.
In our study, a high proportion of the participants had lower education, illiteracy was found in 59.13% and 29.57% can read and write, this might be an explanation for the high cognitive impairment by MoCA, as 56.52% had impaired MoCA, it has been found that older age and less education are independent risk factors for MCI among apparently healthy elderly subjects [24] .
Egypt is a developing country, more researches are needed to assess QOL of elderly, as QOL is influenced by several factors including socio-demographic variables as age, education, financial status and others [3] [4] . Low economic status is another determinant affecting quality of life. Social capital was discussed as an important aspect of successful aging [44] .
Public health policies in most countries are concerned with how to keep older people living independently with a good quality life in the community, so health-care workers should put their effort in early detection and management of cognitive impairment to help people sustain their HR-QOL.
Conclusion
Cognition is a determinant of HR-QOL of non demented elderly. Age, functional dependence and depression also affected HR-QOL.
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